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oÄt_srOs2_s2·xTyxzt__s2_s]BÄzt__CB}uYOt
4
±Àxn·x qpeuYs[ztHxz_zmeuYsrnYx0m_eu  uxÈtezu xupOt8q\u xzteyxznpsrt @âOt,BruYOtöe R:RsÄtïu
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∣∣J,mJ〉 ui∣∣iS〉∣∣ ↑ 〉 ∣∣1
2





∣∣Z〉∣∣ ↑ 〉+ 1√
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∣∣X + iY 〉∣∣ ↓ 〉+ 1√
3





u7∣∣iS〉∣∣ ↓ 〉 ∣∣1
2





∣∣Z〉∣∣ ↓ 〉− 1√
6
















∣∣X − iY 〉∣∣ ↑ 〉+ 1√
3
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±jO_n«et_sw 6upsM § ¬^t_²¦q¦me_nps r
J s
æ·xv=xzsÄ_nR_ muYsÄtïuYsÄÊs hsB}uYE@[mO_nRsrq
orsZBruYn¶OtÈsrq¶u ∆Ec = 697









et_s7=xzsÄenR_  hornpsÄtïuYsº ∆Ec = 413
R&s®­
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 ∈ r > K^
Pu s 2  _sÄt>mzqYxztïuMº








































































 ×  ² _o yt_uÖmOenÖ_srq
eoÄm_x BÄsZR&srtvupqtyt_ uYorqp5RÔx?>sruq¶OttCBr_q¶Ot yxzt_q¨§ ¸yxTR& uYzt_srt ~k.~p sÄq\uyxzqporsqpen
¨§ ¸c^gmzuY¸_¹rqpsM_srqRmsrupupsÄq_ow@âOnSR&xupOt_q
4
[§ ¸yxTR& uYzt_srtqr§ oZBÄn¶u«xzOnpq´º
H = H²=0 +H²  3 453a 
,r("=O$#c-/(w)(056$#O$#o"56$0!;ﬂKﬀﬁ"5























































P² = −av(²xx + ²yy + ²zz)  3:453 
Q² = − b
2





(²xx − ²yy)− id²xy)  3:453L 




b sru d qpOtïu«n¶sÄqpmsZBrup5=OsRsÄtïu¦sÄqmzupsÄtvupsrq_sM_ow@âOnSR&xuYOtÂ_s7BrqpxzsZRsÄtïuuporuYnpxzOztyxzs





















































sÄq\u[_UBrs _¦_o}uYsrnSRt_srnÀsb>emornp5R&srtvu xsRsrtvuÀm__qSGv_sÖsrq R&srqp_n¶sÄqcqpztvucsÄqpq¶sÄtïuYsrsRsÄtïu
t_enpsZBrupsÄq
4
Vs¤_oBÄxz·xOs¤te__uVmyxznÊsÄqlBÄztvuYnpxztïuYsrqÊqp_n(s¤Oxzm8_ ~k = ~0 srtwnpoÄq¶O5=Jxztvu(¨§ ¸yxTR& uYzt_srt
_s7BrOtïuYnYxztvups2_sM±[FB geq«s}u  n âyxzt_qRxËyxzq¶s ~x = [110]/
√
2, ~y = [110]/
√




















A = b2[(2²zz − ²xx − ²yy)2 + 12²2xy] 
3:4E3Y
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u xzt_eq Gv_sx BrOtvupnYxztvups¡_sBÄqYxz sRsrtvuÀtè§©x# hsB}uYs
Gv_sM·xTyxzte_sM_sQ=xsrtCBÄs2sruR¹Z=Os2xË_orOoÄt_srnpsrqSBÄsÄtCBÄswsÄt ~k = ~0 srtvupnps2·xË_xzt__s2Oenp_sIs}u
·xTyxzte_sMoÄO¹rnps
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Eg(x) = 1518− 1580x + 475x2  3:4D;?3 
² BÄs}ucs hsruc § xzxOs¤qpenÀ·xRyxzte_s¡tvupsÄn¶_ups =lsÄtïucqr§©x__upOtet_sÄn(@§ s hsruÀes BÄOtïuYnpxztïuYs
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¯?BÕ¸eoR&xÔ_sÄq´teO,=OsÄxz?> t_E=OsExz)> oÄsB}uYnpzt_FGv_srq´_srq´o}u xuYq
P
q¶oÄmyxnYxupOt_sAGv_srFGv_srq Rs®­-sÄtïuYnpsABrsÄq¾_sr?>te5=OsEx?> § oÄsB}uYnpztﬀr
3Ts 4
¡s}upuYsO_qpsrnH=xJuYzt





¯l_m_mzqpOt_q R&xztvupsÄtyxztïuAGv_sMsrq 6upsÄqAGvyxztïuY5GgesÄq«q¶OtvuR_srq B  Ot_srqRuYn¶OtCGv_orq _yxzqps
oÄO¹rnpsZR&srtvuwsÄmeup5Gv_s
4
ª«uYOt_q a sesR¾Onpxzt_xm>lsÔesÔ¨§ srm_q¶s _·xyxzq¶s
 b s_sZR&












CBz§ sÄq\uH[ _m[^_npsQGv_sMq¶V@§ Ott_uYsº
a2
b2
= 1 + ε, zt>xº ε ¿ 1  3:4D;:; 
²¦m_n¶sRsÄnÖOnpenps2srt ε _@§ oGvyxJuYOt_ B  zt_sMqr§ oZBÄn¶uMº















npxzm_mOn\u«xmzuYsrtvupsrVè§ _t B  Otes8_Ëyxzqps]BÄnSBr_·xznps¦_s2nYxi^OOt Rm =
√
ab yOtOeuYsÄtïu2º
∆Vanis = −εV0 tan θ
4
ρ cos(2θ)δ (z − zcirc(ρ)) H(z)H(h− z)  3:4D;TJ 




tan θ(Rm − ρ) srq¶u«¨§ oZGvyxupOtÂ_ B  Ot_s7__xzqps]BÄnSBÄe·xznps 4
& 'c*}mn !h+,!" *)(Uﬁﬀk#*}+Wﬁ ﬁ 'c+?(U   ﬂE+Cﬂ!h(Wﬂ!"*





(∣∣ΨP+〉+ ∣∣ΨP−〉) = ΨP cos(θ)  3:4D;:L 
∣∣ΨPy〉 = 1√
2i
(∣∣ΨP+〉− ∣∣ΨP−〉) = ΨP sin(θ)  3:4D; O 
 ΨP ∝ ρ exp(−ρ2/2β2P )
¡sÄqR_sr?>t_z,=OsEx?>oruYxuYqqpztvuRqpormyxzn¶oÄqRmyxzn_t_s2oÄt_srnpOs
;


















∣∣〈ΨP+∣∣∆Vanis∣∣ΨP−〉∣∣  3:4D;:V 
¡s}u«¸yxTR& uYzt_srt =xxz_q¶qpÊtvupnpg__nps´_t BrO_m_xzOsIsÄtïuYn¶sMsÄqo}u xJuYq




(∣∣ΨD+〉+ ∣∣ΨD−〉) = ΨD cos(2θ)  3 4<; I 
∣∣ΨDy〉 = 1√
2i
(∣∣ΨD+〉− ∣∣ΨD−〉) = ΨD sin(2θ)  3 4<;TY 
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±jz_nIsxBÄxz5BÄ_ﬂ=JxznpxuYOt_tesÄ(_sÄqIoruYxuYq´oÄsBrupnpOteFGv_srqIyxzt_q´s`BExzqIè§ _tesT6uYsasrm?[
uY5Gges
gt_O_qÖxzzt_q¾s  èsZBrup5=OsRsÄtïuR&geoÄqpsrn¾·xM 6uYs{BÄ:RUR&sR_t B  Ot_s«uYn¶OtCGv_o¦npsrmOqYxztïu
qp_n¦_tesxBrOCB ¸_sT_eFRsÄteqpzt_t_sÄ s  d = 3.33   x&yxqpsTesTx&T6uYsMsÄq¶u´sÄmeup5Gv_s
æ_s





@ñxz u_t xt_Os θ ,>lo8_
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±jz_n´@§ oru xJu @âOt_yx RsÄtïu x _³_t_sËmyxn¶uY5BÄ_sa_sT@§ oÄsB}uYnpztÈs}uI_ÈuYn¶OhOt =x³m_npsrt__nps
_t_sQ@âOtCB}uYzt § sÄq¶qYxzÊ_u ^lmsº




















myxnYx R¹rupnpsÄqxþµ¶_q¶u x_srq0º z0
sru σz
BExznpx BrupoÄn¶qpsrtvu·x
mzqpupOts}u¨§ sb>guYsÄteqpzt8_sÂx@âOt,BruYOt  § Ot_esÂqp_E=xztïuË@§ xm>ls³es BrnpOqpqYxtCBÄs  βx
sru βy











ª«OeqRx=Ozt_q|=gm_npoZBÄor_sRURsÄtvuAGgesM¨§©xt_q¶zuYn¶Om_s BrO_m_sI@§ oru xJuYq S _Ë¨§ o}u xu Dx
 _myxzn
etoBExFBÄe¤sÄtmsrn¶up_npyxJuYzt  _@§ Onp_n¶s
3

V@§ oru xJu]@âOt_yxTR&srtvu x[_sZ=gsrtvuw_to}u xu S x=OsZB
et_s7BrOtvupnp_euYOt Dx
º
Ψfond ≈ αΨS + γΨD cos(2θ)  3:4 ,3 
£«tÈ_oZ=OsrOmemsRsÄtvu2FR upo`_³@§ Onp_n¶s
3








 << 1 mOen´_t_sË 6uYs
































Br:RmeuYsÂ_xzt_qxt@âOt,BruYOt8 § Ot__s 
3:4 ,3

BÄxznËs³_ow=OsÄzm_msRsÄtïu5R upoÔ_s BÄs}upuYs @âztCBw[
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²¦ BÄO_n¶q&_sBrsru¶uYsuY¸e¹ÄqpsteO_qÔxzzt_qËt_O_q&tvupoÄnpsrqpq¶sÄnj_ä@§ t?zy_sÄt,BÄs § _t-BÕ¸_x Rm
orsZBruYn¶FGv_s2xuYornYxzèq¶_nsÄqm_n¶Om_nporupoÄqOmluYFGv_srq_sÄqRT6uYsrq
4
¢[t>m_n¶oÄqpsrtCBÄswè§ _t BÕ¸_x R&m ~F y¨§ ¸yx R upOt_srtÂqÄ§ oBrnpu«xOn¶qq¶O_qRx @âznSRsËº
Hchamp = H0 − q ~F~ρ  3:4s0 
 H0 sÄq\uÔ@§ ¸yx R upOt_ sÄt¨§©x_qSBrsÄtCBrs _sB ¸yx RmHoÄsB}uYnp5Gv_s
 e  a sÄq\uÔ·x B ¸yxzn¶Os>_s
¨§ orsZBruYn¶OtGº q = −e BÄOn¶npsrqpmOt_ _&¨§ t,zy_srtCBÄsw_tB ¸yx Rm qp_n«srq«oÄsB}uYnpzt_q¦s}u q = +e _
BrsÄ_Vq¶_nsÄqÖuYn¶O_q
4
VsUBÕ¸_x R&m =x>xzOnpqQBÄz_m_srnMsÄq2oru xJuYq S xz)>äoruYxuYq P ÊsrqMo}u xupq P xz)>äoruYxuYq D sru
xt_q¶Ê_swq¶_upswq¶(Ot>m_npsrtyxz u«sÄt Br:RmeuYsMsrqRoru xJuYq«_s7R&:RsÄtïu{BÄt_orupFGv_sMqpemhornpsÄ_nwºæ_t































































__n¶Oups  Rm = 100 
 h = 25   ∆Ec = 450
Rs®­ 
∆Ev = 200
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Hboite = Ec ± eFx + Vboite(x, y, z)  3:4s:L 
















¡s}upuYsd@âOtCBrupOt´ § zt__s0=JxteO_qÊmsrnSRsru¶uYnps[es[upnYxz uYsÄn#=xzn¶·xupzt_t_sr sRsrtvu ·x¡q¶upnpCB}uY_n¶s
yt_s&_s&x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ROtvupnpsGv_s]BÄs}upuYs@âOtCB}uYztÂ § zt__s2srq¶u{Rsr?>ÂxyxzmeupoÄs ñoÄtesÄnpzsIm__q
@ñxz_s

mO_n @§ oruYe_s[_s[·x¡qpemhsrnpmOq¶upOtI_s[@§ xzt_qpzupnpOm_ sÀsruÊe7B ¸yx Rm ñyxzteqÊxÖ_npsZBruYOt
0~x _ BExz_q¶seËmyxznpx R¹ruYn¶s x0 
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orsZBruYn¶Ot?[@uYnpz yxzt_q´·x& 6uYs
4
£«t uYnpxT6upsRsÄtïuBrOn¶npsB}u2esvBrsru¶uYsËmyxn¶sa_O u¦uYsrt_n BÄ:RmeuYs
eupsÄnSRsI § tvupsÄnpx BrupOt¡O_:RT_srt_t_s Vc
sÄtïuYn¶sM¨§ orsB}uYn¶OtsruRs´uYn¶O
























∣∣ΨSeΨSh〉; ∣∣ΨPxeΨPxh〉; ∣∣ΨPyeΨPyh〉; ∣∣ΨDxeΨDxh〉; ∣∣ΨDyeΨDyh〉;∣∣ΨPxeΨPyh〉; ∣∣ΨPyeΨPxh〉; ∣∣ΨDxeΨDyh〉; ∣∣ΨDyeΨDxh〉∣∣ΨSeΨDxh〉; ∣∣ΨSeΨDyh〉; ∣∣ΨDxeΨSh〉; ∣∣ΨDyeΨSh〉 
¬¶¬
4
∣∣ΨSeΨPxh〉; ∣∣ΨPxeΨSh〉; ∣∣ΨPxeeΨDxh〉; ∣∣ΨDxeΨPxh〉; ∣∣ΨPyeΨDyh〉; ∣∣ΨDyeΨPyh〉 
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 ~A npsrm_nporqpsrtvups&sËmzupsÄtvupsr =OsB}uYsr_nwxzqpq¶)BÄoU_Â¨§ Ote_sËoÄsB}uYnp RÔxOt_orupFGv_sTsru V s
BÄz_m_·xOsI_s2@§ oÄsBrupnpOtxznporqpsÄxzBÄn¶q¶uYxz t
4
´xt_q«x¦µpx_Os2_sa¡O_:RTsru«srt teoÄOOsÄxztvusIuYsrnSRs2sÄt A2 æ¨§ ¸_x R& uYzt_srtqÄ§ oBrnpu
xzOnpq
















Gv_s«yxzt_qsABExzq&sA=OsZBrupsÄ_n¡ § Ot__s«_s«¨§ Ote_sRoÄsZBrupnpT[
RÔxOt_o}uYFGv_sIsrq¶uA@ñxzes He
sÄq¶uRoGv_E=xzsÄtïu _Âº
He = −e~r. ~E  3:4KJC3 
¦§ sÄq\u«@§ xzm_m_n¶>lFR&xJuY OtÂemOxzn¶s´oÄsB}uYnp5Gv_s
4
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Hel = He + Vdonneurcoul
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zi = 50 
Φ(~ρ, z) = − e
4pi²0²r
∫ |Ψl1S(~ρl, zl)|2√
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dz = −0.04 
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)2  ²r = 12.4 ¦Gsd¤u«
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H =
 ES αx + iαy αx − iαyαx − iαy EP 0
























cﬂ5!~=)ﬂo¡t}<ﬂ}{}~`` ¦1~A`9«S6+<ﬂ5B$~``ﬂ}-~=z~B`$`ﬂ5Bﬂ H0 
§` 
∆ = (EP − ES)2 + 8(α2x + α2y)
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∣∣Ψfond〉 = Cfond(∣∣ΨS〉− 2AFe−iθF















∣∣Ψe2〉 = C2(∣∣ΨS〉− 2AFe−iθF














 C1 = 1√
1+e−4iθF
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état    (piège vide)
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ω
ω

















BÜÞÝFÜkÛ   (O"&çmðBë'é"Fí æTàìç&%  %bë'ã$é&*)àìæOàíTå'ékë'ä

5{}`y<`QG¡¢6cyf~`yﬂ5]eﬂ}~`yf~BI¥Þ~A5cﬂ{5lcﬂQ 


































































































































































































































































































































∣∣Ψc〉 ≈ 1 ﬂ}I~S<ﬂB`ﬂ5{}$`ﬂ}lﬂ}ﬁ~4ﬂ}ﬁ~``ﬂ
<ﬂ}B6zI~Ayfﬂ5+ﬂ5!ﬂ5feﬂ5ﬂ}}~Az~ABﬂzz<ﬂ}{5ﬂgﬂ}~ﬂg{}{-~AyfC
BÜkÛ4ÜGÛ  \ã " $Oã$émä)ë$äìæTàìç&% çmð  émîCãàìä émå'à $%Zãç&% ê6"Þë$à














































































  5  7    I :I     IJ; ; D 798 F A:=?8 B DGF A:I
T$B$4$`5{}5ﬂ}lcﬂ}ﬁ~Bﬁﬂgfﬂ54{5A{-~A}`y<Þ~Ayf$ﬂ5+$ﬂrﬀflyf}`ﬂO}lyf`ﬂO64r
Iﬂ5{}hy<y<I\}<ﬂ}{}~``'ŁG~AI\}~=zy<ﬂ5!~Iﬂ5fy<5ﬂ}­Rﬂ5c ¥ﬂ}ﬂ}­Rﬂ5ﬃﬁx~Aﬂ5c}¨ﬂﬀ~A$5zŁ





























































R(t + τ) =
∑
i
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~ωper = 5 µeV
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h(        )  (µeV)ω−ω0
h∆ 1




~Γ = 1 µeV
'ﬂ5|ey<!~Ay<f}
~Γ = 50 µeV
Zﬂ5ò~Ayf`ﬂ-~A
~Γ = 200 µeV
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~∆1 = 50 µeV
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~∆2 = 40 µeV
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~Γrad1,2 = 0.656 µeV
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FWHM ≈ ~[Γ2 + ΓΩ2/ωrad]1/2 ¦o¤'t!¤«
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w˙ = Ω1v − Γw − Γ
2
¦o¤$ Su!«
v˙ = −δL(t)u− Ω1w − Γ
2
¦o¤$ S$ «
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I(ω) ≈< LΓrad [w] >=
2n∑
m=1
pmLΓrad [ω − ωm]
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+δ0 +δ1 0 0
+δ1 +δ0 0 0
0 0 −δ0 +δ2
0 0 +δ2 −δ0
 ¦8  «
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δ0 = 1.5(az + 2.25bz)
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A.{∣∣ΨSeΨDxh〉  ∣∣ΨDxeΨSh〉  ∣∣ΨDxeΨDxh〉}





































































































Rm = 100 
,ﬁ'¦8¤{5$`eﬂ5 ↔ ¤6Iﬂ5A«- 
Iyf~`ﬂh`ﬂQ~AI$ﬂ}ﬁ~fﬂ5{}Ieﬂ5~AAz{55ﬂ}g©ﬂ}g/<ﬂ}`
fBA$ﬂ5BﬂgG¡¢ﬂ5<fy$~Ay{5y~`a¦








 C8 B I     B =ﬃBED 798 )=?8);0A)8)I

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F(ze, zh, q⊥) = pi
q⊥
∫
dze exp(−(z − z0e1)
2
2σ2ze1




dzh exp(−(z − z0h1)
2
2σ2zh1
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ρ(t) = U(∆, t, tk)...U(∆, t2, t1)U(0, t1, 0)ρ(0)U










































































ρ↑(t) = ρ↑/↑(t) + ρ↑/↓(t) }~8L
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[H↑, ρ↑(τ)] }~p ªL
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∫ ∫ ∫ ~P (~r′).(~r − ~r′)∣∣~r − ~r′∣∣3 d3~r′ }  p 
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Px = −F(ρ) cos(θ) }
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